Therapeutic intervention for children with cerebral palsy begins with accurate appraisal of abilities and disabilities. Currently, treatment focuses on the identified motor deficits, with any underlying sensory deficits often being overlooked. Sensory input is an essential component of motor function and motor control. Therefore, the objective of this study was to determine the presence and extent of sensory deficits in school-aged hemiplegic children using a formal clinical sensory battery, as well as somatosensory evoked potentials. A cross-sectional comparative study was performed comparing sensory function in hemiplegic children and healthy controls. Nine hemiplegic children and 41 healthy controls between 4 and 19 years of age were assessed. Hemiplegic children were included if they had a minimum level of receptive language function of 30 to 33 months and expressive language ability of 24 to 27 months, and no severe limitation of joint range of the hand. Significant bilateral sensory deficits (88.8%) were ascertained in hemiplegic children (P < .05), when compared to the performance of the healthy controls. Stereognosis and proprioception were the chief modalities affected bilaterally. The extent of sensory loss did not mirror the severity of motor deficit. Conversely, findings on somatosensory evoked potentials were closely related to motor function. Thus, a clinical sensory evaluation should be an integral part of the assessment of children with cerebral palsy. The likelihood of sensory impairment in one or more modalities on the hemiplegic or nonhemiplegic side is underappreciated and needs to be identified by rehabilitation specialists to maximize the functional potential of these children. (J Child Neurol 1995; 10:300-309).
In the United States, 0.1% to 0.5% of children have cerebral palsy, classifying it as a chronic, highly prevalent childhood handicapping conditions. Though motor deficits have been emphasized, sensory dysfunction may exist and may contribute to diminished use of the affected hand. 2,3 Several studies have emphasized the impact that sensory deficits may have on hand function, because precise motor ability is dependent on sensory input.&dquo; In their study of 96 children with cerebral palsy, Tachdjian and Minear9 found that in the presence of a sensory deficit, hand function was no better than fair.
Bolanos et al4 recommended that sensory testing should be an integral part of therapy, because tactile sensations and stereognosis are needed to successfully perform tasks requiring finger dexterity and tactile gnosis. Therefore, sensory testing is critically important when considering rehabilitation approaches to improve hand function in subjects with central nervous system dysfunction.
Tachdjian and Minear9 performed 13 sensory tests in 96 children with cerebral palsy, 88 of whom had spastic hemiplegia. Not only were sensory deficits present in 41 .7% of the children tested, but a high correlation was found between the functional ability of the hand and the severity of sensory deficits. Therefore, moderate to severe motor disability was associated with severe sensory dysfunction.
In this study, the contralateral side was used as a control; however, in many hemiplegic children, the contralateral side may be affected.l° Furthermore, the methodology for sensory testing was not clearly delineated in eight of 13 tests, and standardized procedures were not consistently employed. The sensory ability of the hand was correlated to its functional ability, but no specifications regarding grading of motor function were described.
Studies evaluating the performance of children with cerebral palsy reveal the existence of sensory deficits in 40% to 73% of the patient population. 2, 3, 9, 11, 12 Form and tactual discrimination, light touch, temperature, twopoint discrimination, point localization, and weight perception have been evaluated. In all of these studies, stereognosis, two-point discrimination, and position sense were the sensory modalities chiefly impaired. However, in most studies the sensory modalities were tested in an informal manner that may be unreliable. 13, 14 Furthermore, the measurement techniques and materials used were only briefly outlined. Kenney 15 and Twitchellls observed that sensations that are integrated in the parietal region were predominantly affected in children with cerebral palsy. Thus, one might expect a sensory deficit to correlate with motor impairment because of the close proximity of these two regions in the brain. Somatosensory evoked potentials have been shown to yield valuable diagnostic information in the pediatric population. 17 In infants and children, somatosensory evoked potentials reliably evaluate the maturation of afferent pathways in the central and peripheral nervous systems. 17, 18 Review of the literature suggests that sensory abnormalities exist in children with cerebral palsy, and somatosensory evoked potentials have been used to delineate the type and extent of sensory loss in these children. Reports on somatosensory evoked potentials by Laget et al, 19 Williamson et a1,2° Wong et al '21 and Zeman and Yiannikas22 suggest that somatosensory evoked potential abnormalities (increased latencies or absent potentials) correlate with different degrees of sensory and motor dysfunction in subjects with static encephalopathy. Important details regarding the methodology used to clinically evaluate sensation are often lacking. Thus, the examination of the extent of sensory impairment in hemiplegic children using standardized techniques warrants further investigation.
One can measure the effectiveness of rehabilitation only if the range of deficits is clearly defined. 23 Kenney et a124 pointed out that a child with cerebral palsy with mild motor involvement may not spontaneously use the affected side because of a superimposed sensory loss. Thus, sensory deficits may well constitute limits on the functional outcome of children with cerebral palsy.3~4
In summary, few studies have examined sensory function in children with cerebral palsy, and methodological problems undermine the strength of these studies. Most clinical studies were reported in the 1950s and 1960s. Informal, subjective methods of test administration were used. Statistical procedures used were also inadequate. In spite of these methodological problems, studies indicate that health professionals working with hemiplegic children should consider that sensory deficits may be present, thus impeding motor performance. Limitations in functional skills may reflect, in part, the type and magnitude of sensory loss. 5 5 The aim of this study was to assess sensory function using clinical and electrophysiologic techniques in children with congenital hemiplegia. Five sensory modalities were assessed using a standardized reliable pediatric sensory battery. Both the affected and nonaffected sides were tested in all subjects. The integrity of the dorsal column medial lemniscal pathway was evaluated using somatosensory evoked potentials. The relationship between clinical and electrophysiologic measures of sensation, as well as the association between the extent of sensory loss and hand dysfunction were determined.
METHODS

Subjects -
Nine school-aged hemiplegic children were referred by neurologists at the Montreal Children's Hospital to participate in this study. Charts were reviewed to ensure that the following inclusion criteria were met: Therefore, hemiplegic children with severe language deficits or significant limitations in range were excluded from this study.
Controls
Forty-one healthy age-matched controls were recruited from schools and personal contacts. A questionnaire was filled out by the parent(s) to ensure that the child had no known neurologic impairments that could influence performance on the sensorymotor battery.
Consent was obtained from the parents of hemiplegic and healthy children before testing.
Procedures
Independent t-tests were performed to determine whether the subjects and controls were matched for age. Sensory-motor investigation was carried out on a sample of hemiplegic and healthy children. Evaluations included the assessment of hand function, neurologic examination, somatosensory evoked potentials, and clinical assessment of five sensory modalities. Handedness was established via a questionnaire drawn from a combination of the Crovitz-Zener and Oldfield questionnaires. 26 Assessment of Hand Function Range of motion. Complete passive range of motion of the elbow, forearm, wrist, thumb, and index and little fingers of both upper extremities was assessed using a goniometer. Test-retest reliability of .89 and interrater reliability of .86 have been demonstrated for upper extremity goniometric measurements. 27 Muscle tone. Upper extremity tone was evaluated and quantified using the ordinal scale for tone in the Einstein Neonatal Neurobehavioural Assessment Scale, which has an interrater reliability of .97.2g
Grasp pattern test. The Functional Evaluation of the Congenitally Anomalous Hand was used to evaluate grips and grasps. Basic hand function can be defined by link grip (ie, lateral pinch), prehensile grip (ie, power and hook grips), nonprehensile grip (ie, palmar and tip pinch), and precision handling.29 The hook grip was evaluated by having the subjects hold a briefcase containing the Jamar dynamometer and pinch gauge. The children were asked to hammer pegs into a pegboard to observe the power grip. Lateral pinch was observed by asking the subjects to hold a key as if they were going to open a door. Palmar pinch was observed by asking them to string a bead. Grasp pattern was scored from 0 to 2 (2 = normal grip; 1 = object manipulation present with inappropriate grasp; 0 = no handling of object at all). Depending on their overall scores, the children were graded as having normal grasp patterns (score of 8 of 8) or as demonstrating a mild to moderate (score of 5 to 7 of 8) or moderate to severe impairment (score of 0 to 4 of 8) in grasp patterns.
Grip and pinch strength. Hand grip strength may be used to test gross motor power. 4 Grip and pinch strength were measured using a Jamar dynamometer and pinch gauge, respectively. Norms have been established for children, with an interrater and test-retest reliability of .98 and .88, respectively.3o,31
Neurologic Examination A pediatric neurologist examined all subjects and 18 controls in a blind fashion. Abnormalities in tone, deep tendon reflexes, quality of movements, and side of hemiplegia were noted. The neurologist scored the examination of both sides as normal or abnormal (mild, moderate, or severe), depending on the extent of hand disability present. Normal function consisted of complete finger dexterity present, mild involvement consisted of some independent finger movement, moderate impairment consisted of voluntary grasp without individual finger movements, and severe deficits were present if no voluntary grasp was possible. Medication history was noted, and visual field examination was performed.
Somatosensory Evoked Potentials
Recording. The subjects and controls were placed in a comfortable supine position. The Grass Model 10 Evoked Response System was used, with G2 negativity producing an upward deflection. Each median nerve was electrically stimulated with electrical square-wave pulses delivered at 0.2 ms duration and a rate of 4/second, with an intensity sufficient to obtain a thumb twitch. A stimulus isolation unit was used to minimize stimulus artifact.
Gold cup electrodes were applied to Erb's point, over the second cervical vertebra, and over the contralateral parietal scalp, using bony landmarks and the International 10-20 System of measurement. Erb's point and the points over the second cervical vertebra and contralateral parietal scalp were referenced to Fz. Input was amplified 100,000 times. The filters used were set at 30 to 3000 Hz.
Two trials of 512 averaged responses were performed and super-imposed to test reproducibility of waveforms. Written records of evoked potentials were obtained on an X-Y plotter. Analysis of the somatosensory evoked potential waveform. The absolute (Erb's point = N9; second cervical vertebra = N13; contralateral parietal scalp = N20, P22) and interpeak latencies (N13 to N20) were derived. Cutoff values determined from recordings of healthy controls were established. In this study, subjects with latencies 2.5 standard deviations greater than the mean and those with flat potentials were graded as having an abnormal somatosensory evoked potential. Sensory Assessment Battery Pressure sensitivity. This was measured using the Semmes-Weinstein monofilaments.32 The psychophysical method of limits was used to determine threshold, that entails the filaments being applied in an ascending and a descending order. The filament first perceived in the ascending order and the filament last perceived in the descending order were noted. When applying the filaments, the hand was occluded from sight by a screen.'3 Three areas were tested; the volar surface of the distal phalanx of the thumb, the index finger, and the little fmger of each hand. There were three trials for each fmger, and the highest threshold obtained was used for the purpose of calculation.
Two-point discrimination. The Disk-criminator was used, which contains fixed pairs of prongs from 1 mm to 12 mm apart.33 Moving two-point discrimination was measured because it has been found to relate more closely to hand function. With the subject's vision occluded by a screen, the prongs were moved along the fingers in a proximal-to-distal direction. One or two points were randomly applied to the skin surface and subjects were asked to identify whether they felt one or two points. The smallest distance between two points that the subject identified without an error was taken as the subject's moving two-point discrimination threshold. Areas tested included the volar surfaces of the distal phalanx of the thumb, index finger, and little fmger.
Stereognosis. This modality was tested via the method of visual matching. Five shapes (circle, triangle, square, diamond, and octagon) and five objects of daily use (toothbrush, tennis ball, 4-inch comb, large cup, and candy in wrapper) were presented to the subjects in random order, with vision occluded. The subject was then asked to point to the object from a selection of drawings containing all objects. The total number of objects correctly matched out of 10 was taken as their stereognosis score.
Proprioception. The child's hand was supported by the examiner's hand. With eyes occluded, the metacarpophalangeal joints of the thumb and index and little fingers were moved, holding the proximal phalanx laterally, either up or down, with a maximum of 30 degrees of movement on a trial. The subject was asked to identify the direction of movement. The number of correct responses out of five was scored.
Directionality. A Semmes-Weinstein monofilament 4 degrees higher than the pressure threshold obtained was selected and moved along the volar aspect of the distal phalanx of the thumb, index finger, and little finger. Order of application of the moving stimulus was random. Direction of movement of the monofilament (ie, toward or away from the body) was required to be identified by the subject. The number of correct responses out of five was scored.
Statistical Analysis
One-way analysis of variance and independent t-tests were used to examine whether age or sex had any effect on sensory function in controls or subjects. T-tests were also performed to compare scores obtained by hemiplegic subjects and controls on all the sensory modalities tested by the therapist.
Control cutoff values were established for both the dominant and nondominant hands and are reported elsewhere.34 Performance of hemiplegic subjects on the sensory and motor assessments was compared with data obtained in controls.
Sensory function of the hemiplegic (ie, nondominant) hand of subjects was compared to the nondominant hand of controls. Correlation of sensory function of the nonaffected (ie, dominant) hand of hemiplegics and dominant hand of the healthy children was also determined. Paired t-tests were also performed to compare sensory function of the nonaffected and affected hands in hemiplegic children.
Findings on neurologic examination and assessment of hand function were correlated to clinical and electrophysiologic tests of sensory function. x2 analysis was used to determine whether any particular sensory modality was significantly correlated to neurologic examination and assessment of hand function.
RESULTS
Forty-one healthy children (20 boys and 21 girls) were evaluated using the sensory assessment battery and assessment of hand function. Their ages varied from 4.42 to 16.00 years, with a mean of 9.88 years (SD = 3.02 years). Thirty-five children were right-handed, and six were left-handed. A neurologist examined 18 controls, and 17 had somatosensory evoked potentials performed on them. Nine children with congenital hemiplegia (seven boys and two girls) were evaluated for the study using all testing procedures described. Subjects ranged in age from 4.33 to 18.08 years, with a mean of 11.25 years (SD = 5.36 years). There was no significant difference between the mean age of controls and that of subjects (P = .66). Five subjects were left-handed (right hemiplegia), and four were right-handed (left hemiplegia).
Control Data
Criteria for motor impairment and sensory deficits were determined based on the results obtained from healthy controls (n = 41).
Motor Assessment
All controls had normal range of motion, normal muscle tone, and scored 8 of 8 on the grips and grasps pattern test. Grip strength was noted to increase significantly in the controls as a function of age, particularly in the dominant hand (for the nondominant hand, P = .008, slope = 4.0, r = .34; for the dominant hand, P = .002, slope = 5.28, r = .46).
Neurologic Examination
Neurologic examination was performed on 18 controls by a pediatric neurologist who was blind to the group assignment, and all had normal examinations. None of the controls was on any medication at the time of the study. Somatosensory Evoked Potentials Results Seventeen of 41 controls had somatosensory evoked potential recordings done. For this study, the values of interest included N20 latencies (mean = 16.85 ms, SD = 1.39 ms in the nondominant upper limb; mean = 16.78 ms, SD = 1.33 ms in the dominant limb), as well as N13 to N20 interwave latencies (mean = 5.81 ms, SD = 0.52 ms in the nondominant upper limb; mean = 5.54 ms, SD = 0.35 ms in the dominant limb). Latencies that were at least 2.5 SD greater than the mean were considered abnormal.
Sensory Assessment
It was discerned that the sensory assessment battery could be easily and reliably administered in approximately 20 minutes. 34 Age and sex were determined to have no statistically significant effect on sensory assessment scores. Therefore, all the sensory scores obtained were pooled across all subjects. Based on the performance of the control group, cutoff values for the sensory modalities were ascertained. Cutoff values for pressure sensitivity were set at 2.83 for all fingers tested, and were considered abnormal if pressure sensitivity threshold was greater than 2.83. Moving two-point discrimination threshold cutoff values were set at 3 mm for all fingers tested except the little finger of the nondominant hand, which had a cutoff value of 4 mm. For stereognosis, if fewer than nine of 10 items were identified correctly, stereognosis was felt to be abnormal. Proprioception cutoff points were established at 5 for all fingers tested, with a score less than or equal to 4 of 5 considered to be abnormal. Directionality threshold cutoff point was established at 4 for all the digits of the nondominant and dominant hands except the index finger of the dominant hand, for which the cutoff point was 3.
Subjects
Subject performance on the sensory-motor tests was rated as either normal or abnormal by comparing scores with data obtained in controls.
Motor Assessment
Three of the nine subjects exhibited elbow flexion contractures of 10 to 15 degrees on the affected side, with normal range of motion on the nonaffected side. All nine hemiplegic children had increased tone of the affected upper extremity, with normal tone determined on the nonaffected side. The grips and grasps hand function evaluation of the affected hand showed that three of nine hemiplegic children had normal grasp patterns. Of the six hemiplegic children with abnormal grasp patterns, one child showed mild to moderate impairment (ie, a score of 5 to 7 of 8), and five subjects had moderate to severe involvement (score of 0 to 4 of 8). All the hemiplegic children had normal grasp patterns on the nonaffected side.
Significant differences (P < .05) between the grip strength of the nondominant hand of controls and affected hand of subjects was determined. No significance was obtained on examination of the difference in grip strength of the dominant hand between controls and subjects, or in the pinch strength between the dominant and nondominant hands in subjects.
Neurologic Examination
The neurologist rated three of nine subjects as having mild hemiplegia, one had a rating of moderate hand involvement, and five had severe hemiplegia. All four children with left hemiplegia were found to have severe involvement of the affected hand, whereas the five children with right hemiplegia had varying degrees of hemiplegia. Motor function of the nonaffected side was rated as normal for eight of nine subjects, with one having mild hand involvement. Seven of the nine subjects had normal visual fields, with the remaining two showing homonymous hemianopsia on the hemiplegic side. Seven subjects were on anticonvulsants (three had carbamazepine prescribed, two were taking phenytoin, one had been prescribed carbamazepine and clobazam, and another was using phenytoin and clobazam), and the other two were not taking any medication at the time of the study.
The most recent computed tomographic scans of eight of nine hemiplegic children and the magnetic resonance imaging in three subjects were reviewed by the neurologist to determine the extent and location of the lesion, after their neurologic examination. The neurologist concluded that three hemiplegic children suffered anoxicischemic insults to deep structures as well as the frontal and parietal lobes of the affected hemisphere. Another three subjects had porencephaly, one of prenatal origin (frontocentral area involved); in the other two, the insult appeared to occur in the neonatal period (only deep structures involved in one, and diffuse frontal, parietal, and occipital involvement in the other child). In the remaining three subjects, one had localized cerebral atrophy (suggesting a watershed infarct), another had pachygyria (sylvian and calcarine fissures involved), and the last subject showed evidence of diffuse cerebral atrophy (deep structures as well as frontal and parietal lobe lesions).
Somatosensory Evoked Potential
Three of the nine hemiplegic children assessed had flat N20 potentials on the affected side. Two had increased N20 latencies, with delayed conduction times (N13 to N20) and diminished amplitudes on the affected side. Four subjects had normal somatosensory evoked potentials bilaterally. All four children with left hemiplegia had abnormal somatosensory evoked potential recordings. Three had flat N20 waveforms, and one had an increased N20 latency along with an increased N13 to N20 interwave latency. Four of the five children with right hemiplegia had normal somatosensory evoked potentials, and one had an abnormal somatosensory evoked potential, with an increased N20 latency and an increase in central conduction time.
Sensory assessment on the affected side. Independent t-tests demonstrated that significant sensory deficits were present on the affected side of hemiplegic children across all modalities, as compared to the nondominant hand of controls. Pressure sensitivity of the thumb and index finger, directionality of little finger, moving twopoint discrimination of index finger and little finger, proprioception of all fingers (P < .05), and stereognosis (P < .001) were significantly impaired ( Table 1 ). Visual inspection reveals that across all sensory modalities the affected hand of subjects had decreased sensory function with more scattering of scores, in comparison to the nondominant hand of controls.
In the affected hand, one hemiplegic child had no sensory deficit on modalities tested, whereas all the other children demonstrated deficits of one or more sensory modalities. There were three individuals who had one, two, and three modalities affected, respectively. Three subjects had impairment of all five sensory modalities of the affected hand ( Table 2 ). Due to short attention span and lack of cooperation, two hemiplegic subjects were unable to complete the five subtests but had two of three and two of two sensory modalities impaired. in Hemiplegic Children* *Two subjects had short attention span and were uncooperative and therefore could not be tested on the complete test battery. On the affected side, one child had impairment in two modalities of the three tested, and the other child had deficits in both the sensory modalities tested. On the nonaffected side, both of these hemiplegic children had one modality impaired of the two sensory modalities tested.
Cutoff values as established on control data were used to determine sensory dysfunction. Three of the seven hemiplegic children assessed had increased pressure sensitivity thresholds on the affected side. Four of seven subjects (two of the nine were uncooperative) had increased moving two-point discrimination thresholds on the affected side, and seven of nine hemiplegic children demonstrated impairment in stereognosis. Five of eight hemiplegic children had impaired directionality and six of nine had poor proprioception (Table 3) . Sensory function on the nonaffected side. Sensory deficits were also present on the nonaffected side of hemiplegic children, as illustrated by independent t-test results, when compared to sensory test scores obtained in the dominant hand of the controls. Significant differences of the means and SDs between controls and hemiplegic children were noted for pressure sensitivity and proprioception (P < .05) and stereognosis (P < .01) ( Table 1 ). In the nonaffected hand, one hemiplegic child had four sensory modalities impaired, and three children had involvement of one sensory modality. Due to short attention span, two hemiplegic children were unable to complete their sessions, but had one of two sensory modalities tested impaired. The remaining three had no sensory involvement present. Thus six of nine hemiplegic children had one or more sensory modalities impaired on the nonaffected side (Table 2) .
On the nonaffected side, two subjects had increased pressure sensitivity, therefore demonstrating bilateral impairment in pressure sensitivity. None of the hemiplegic children showed impaired moving two-point discrimination threshold on the nonaffected side. However, three of nine subjects had impaired stereognosis and proprioception. Only one hemiplegic child had a deficit in directionality on the nonaffected side ( Table 3) .
Comparison of sensory function on the affected and nonaffected hands by paired t-tests displayed no significant differences between the two sides. Sensory versus somatosensory evoked potential findings. Scores obtained on all sensory modalities were compared to somatosensory evoked potential findings using X2 analysis. Somatosensory evoked potential recordings were graded as 0 for a flat N20 wave, 1 if the N20 waveform was of increased latency, and 2 if the somatosensory evoked potential's waveform latency was within normal limits. Each modality on the sensory assessment was scored as normal or abnormal. x2 analysis showed that somatosensory evoked potentials were significantly correlated with ipsilateral pressure sensitivity of the index finger in both dominant and nondominant hands, as well as the little finger of the nondominant hand (P < .05). Moving two-point discrimination of the thumb, index finger, and little fmger of the nondominant (affected) hand were found to significantly correlate to somatosensory evoked potentials on the same side (P < .05). Finally, directionality of the nondominant little finger was also determined to have a significant correlation to somatosensory evoked potential recordings.
Sensory findings across the three fingers tested were collated for the dominant and nondominant hand, for all five sensory modalities. Each sensory modality was scored as abnormal if one or more digits were affected. This normal or abnormal sensory score was correlated with somatosensory evoked potential findings. Once again, somatosensory evoked potentials (on the affected side) were found to be significantly correlated to pressure sensitivity and moving two-point discrimination thresholds of the nondominant hand (P < .05).
The findings on a small sample suggest that somatosensory evoked potentials may not always correlate positively with all sensory modalities and that this may be inconsistent between the dominant and nondominant hands. This likely relates to the extent and nature of the cerebral injury. Four hemiplegic children with somatosensory evoked potential abnormalities (flat N20 or delayed conduction time) had severe sensory deficits. However, one child with an increased N20 latency had no sensory deficits. Conversely, the four children with normal somatosensory evoked potentials had mild (n = 1) or moderate (n = 3) sensory impairment (Table 4) .
Sensory versus motor assessment results. Each of the two methods of assessing motor function (neurologic examination and grasp patterns) corresponded reliably between the two independent examiners. All three of the Table 3 . Sensory Involvement in Hemiplegic Children* ... -M2PD = moving two-point discrimination. *This is the proportion of children with abnormal test results or with raised thresholds. Due to two subjects having short attention span and not having all sensory modalities assessed, the number of children assessed for each sensory modality varied. children classified with mild hemiplegia by the neurologist had normal grasp patterns. The child with moderate hemiplegia demonstrated mild to moderate impairment of grasp patterns, and the remaining five subjects with severe hemiplegia displayed moderate to severe grasp pattern involvement (Table 4 ). x2 analysis was performed to determine whether scores on all sensory modalities related significantly to motor function. Neurologic examination and grasp pattern findings did not significantly correlate with sensory scores. However, the sample size was small, and this requires further investigation. A comparison of sensory and motor function for each child is summarized in Table 4 . Inspection reveals that sensory function did not correlate with motor function in three of nine hemiplegic children (subjects 4, 7, and 9). In contrast, somatosensory evoked potentials appear to correlate well with motor function. All five hemiplegic children with somatosensory evoked potential abnormalities (flat or increased conduction time) were graded by the neurologist as having severe upper extremity impairment on the ipsilateral side and a rating of moderate to severe impairment in grasp patterns. The four other subjects had normal somatosensory evoked potentials. One of these four children was graded as moderately impaired and had a mild to moderate deficit in grasp pattern. The other three with normal somatosensory evoked potentials had mild hemiplegia and normal grasp patterns.
DISCUSSION
Cerebral palsy is a group of disorders with variable etiology, neuropathology, and symptomatology.35,36 Though emphasis has always been placed on aberrant motor control and posture, sensory deficits are often present. 2,3
The maturity of the brain at the time of the injury and the severity and duration of the insult influence the nature or pattern of the brain lesion.37 Hemiparesis may result from variable pathologies, with the majority being the result of focal and multifocal ischemic necrosis within the distribution of the three major cerebral arteries. Hi1137 states that the prevalence of asphyxiated neonates with this pattern of injury is 15% to 20%. Incidence is greater in full-term infants, with the middle cerebral artery being implicated in almost 50% of the cases.
The somatic sensory cortex consists of the primary sensory cortex (comprising Brodmann's areas 1, 2, 3a, and 3b), the secondary somatic cortex, and the posterior parietal lobule (areas 5 and 7). Lesions at different levels of the somatosensory system cause a variety of sensory deficits. Removal of the primary somatosensory cortex in primates may result in sensory deficits such as decreased two-point discrimination, point localization, stereognosis, position sense, kinesthesia, and tactual discrimination on the contralateral side. 38-41 Severe impairments in tactile learning and memory may result from bilateral excision of the secondary somatosensory cortex, with relative sparing of tactile sensitivity or weight discrimination.42&dquo;4 Thus the secondary somatosensory cortex probably has a greater influence on sensory-motor integration than on discriminatory uses.45 Posterior parietal lobule lesions or excision causes more complex motor and sensory deficits. 46,47 These include spatial disorientation and stereognosis of the contralateral body surface4l and severe disturbance in manipulation of objects. 48, 49 The prehensile ability of the hand is one of its most important and unique features. There is a close relationship between sensory feedback, the explorative movements of the fingers, and fine adjustment of grip force during performance of tasks of daily living. Dannenbaum and Dykes5° performed a pilot study on six adult stroke patients with sensory loss who had poor manipulation despite preserved motor function. Therapeutic intervention consisted chiefly of sensory re-education, with preliminary results showing an improvement in manipulative function. Therefore, a lack of sensory information perceived may lead to impairment of hand function.
There is a lack of reliable sensory assessments formulated for school-aged children that incorporate stan-dardized procedures. A clinical sensory battery that can be used on school-aged children has been formulated.34 Minimal language and cognitive requirements are needed to complete the evaluation (ie, a 30-month receptive and expressive language ability, and the ability to match simple shapes and objects for stereognosis testing). However, the assessment is limited by the level of attention required, which could influence the reliability of the test scores. Two hemiplegic children in the study exhibited short attention spans and a high level of distractibility, which led to difficulty completing the assessment, particularly for the determination of pressure sensitivity with the Semmes-Weinstein monofilaments.
Sensory function was assessed in this study using a formal clinical sensory assessment and using somatosensory evoked potentials. Sensory function as evaluated clinically did not correlate to somatosensory evoked potential findings for five of nine children. An abnormal somatosensory evoked potential was found to be a better predictor of severe sensory deficits (four of five children) than a normal somatosensory evoked potential in predicting normal sensory function (zero of four children) ( Table 4 ). Children with a lesser degree of sensory impairment would be missed if somatosensory evoked potentials were the only tool being used for the evaluation of sensory function. Therefore, this study suggests that somatosensory evoked potentials alone should not be used as a diagnostic tool for sensory loss and that the clinical sensory battery was a superior tool in identifying sensory deficits of varying degrees. Although precise delineation of somatosensory evoked potential generator sites is controversial, the N20 wave is thought to be generated from the posterior bank of the central sulcus anterior to the cortical representation of the sensory areas but close to the prefrontal sulcus (cortical motor area). This may account for the close correlation between somatosensory evoked potential findings and motor function and a more variable association between somatosensory evoked potentials and sensory function.
In this study, sensory function of the affected hand of hemiplegic subjects was found to be significantly altered across all modalities (P < .05). A significant impairment of sensory function of the so-called nonaffected hand was also determined (P < .05). Interestingly, no significant differences between the two hands in hemiplegic children were found. The results emphasize the importance of evaluating hand function bilaterally in hemiplegic children. The Bienayme-Chebyshev Inequality statistics52 were used in controls to establish cutoff values for detecting normal versus abnormal sensory function in our study sample. Results obtained suggest that the majority of hemiplegic children tested (eight of nine) had impaired sensation for one or more sensory modalities on their affected side (Table 2 ). It was observed that 77.8% of children had impairment in stereognosis, 66.7% in proprioception, and 62.5% in directionality (Table 3 ). Moving two-point discrimination and pressure sensitivity were also impaired to a lesser extent (57.1% and 42.9%, respec-tively). However, caution regarding the interpretation of these findings should be used due to the small number of subjects tested. The sensations determined to be most affected in our subjects were stereognosis and proprioception. Stereognosis is a composite of several integrated primary sensory inputs.53 Both proprioception and tactile discrimination of shape and texture of an object play an important role in object identification (stereognosis). All areas of the somesthetic cortex involved with sensory processing contribute to the mediation of both stereognosis and proprioception, that are more complex sensations. Thus, these two sensations may be more vulnerable, as was illustrated in this study. These results are similar to the findings of studies by Hohman et al,2 Monfraix and Tardieu,54 and Tachdjian and Minear,9 in which stereognosis and proprioception were two of the modalities found to be most often impaired in hemiplegic subjects. However, to provide a comprehensive sensory assessment, all five modalities should be evaluated.
Brown et allO found that hemiplegic children, aged 3 to 13 years, may exhibit bilateral visuomotor impairment, as tested by the accuracy and reaction time in pointing to targets. Monfraix et a155 reported the presence of sensory agnosia on the nonaffected side. In our study, several of the hemiplegic children had varying degrees of sensory involvement on the nonaffected side (six of nine) ( Table 2 ). The nonaffected side exhibited deficits of stereognosis (33.3%), proprioception (66.7%), pressure sensitivity (28.6%), and directionality (14.3%). No deficits in moving two-point discrimination were detected on the nonaffected side in our group of children tested (Table 3) .
Few studies reported in the literature have examined the relationship between sensory deficits and motor function in children with cerebral palsy.15,16 Methods of administering and scoring the sensory assessments in these studies were often not clearly specified. In this study, motor impairment was assessed by a neurologist (mild to severe), and by the performance of subjects on a grasp pattern test. Both tests of motor function had a 100% agreement on rating of degree of impairment (eg, children with severe hemiplegia had moderate to severe impairment of grasp patterns), suggesting that both the neurologic examination and test of grasp pattern were valid assessments for evaluating the extent of motor impairment. Examination of the relationship between sensory and motor impairment (on clinical assessment) revealed no clear association (Table 4 ). Therefore, clinicians should consider that a child demonstrating a mild hemiplegia may have significant sensory loss, and conversely, a child with severe motor involvement may not have significant sensory deficits. Somatosensory evoked potentials have been reported to be a sensitive electrophysiologic tool for predicting motor outcome in children with cerebral palsy and highrisk newborns.56, 57 Laget et a119 reported that somatosensory evoked potentials were a better predictor of motor impairment than electroencephalograms in their study of 43 hemiplegic children. In the current study, somatosen-sory evoked potential findings correlated well with degree of motor impairment. Children with abnormal somatosensory evoked potentials (flat or increased latency of the N20 waveform) were rated as severely impaired on neurologic examination and had a moderate to severe impairment of hand function. Normal somatosensory evoked potential waveforms also correlated with normal to mildly impaired hand function ( Table 4 ). The results of this study showed somatosensory evoked potentials to be more closely associated with motor function than with sensory ability. Again, this finding could be explained by the close proximity of the generator site of the somatosensory evoked N20 potential to the motor strip. Those hemiplegic children with more diffuse, multifocal, and frontal involvement as displayed by the computed tomographic and magnetic resonance imaging findings ( Table 4 , subjects 1 through 5) had somatosensory evoked potential abnormalities and severe motor and sensory impairment. The four children with normal somatosensory evoked potentials and mild to moderate involvement of motor ability had brain insults to the more posterior parieto-occipital region ( Table 4 , subjects 6 through 9).
CONCLUSIONS Cerebral palsy is one of the foremost childhood handicapping conditions. Though aberrant motor control and posture are its primary characteristics, a review of the literature suggests that sensory deficits in cerebral palsy children are present as well. This study emphasizes the importance of assessing sensory function with a standardized clinical battery as part of the comprehensive evaluation of children with congenital hemiplegia. The results demonstrated that sensory deficits were not restricted to the hemiplegic side but may be present in the nonaffected hand as well.
Childhood hemiplegia not only limits the functional performance of the individual, it also influences the quality of life of the immediate family. Currently, rehabilitation efforts are focused on the identified motor deficits, with the underlying sensory deficits often being overlooked. Sensory impairments, if present, could have a debilitating effect on hand function (manual dexterity). The significance of an intact sensory system on proficient manipulative skills has been demonstrated by both experimental and clinical studies. 4, 5, 7, 8 Thus, an objective and reliable sensory assessment of children with static encephalopathy may prove to be invaluable to formulate therapeutic goals and to gauge the efficacy of ongoing treatment, with the aim of maximizing the child's functional potential.
